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Abstract

We have investigated the secretory function of cell suspensions
from bone eosinophilic granulomas surgically collected in two
patients with histiocytosis X. Unseparated cell preparations
spontaneously produced interleukin 1 (IL-i) and prostaglandin
E2 (PGE2). In order to ascertain that this secretion was due to
the characteristic Langerhans cell-like histiocytosis X cells pre-
dominantly found in the bone lesions, we have purified T6' cells
by the use of a fluorescence-activated cell sorter. Such highly
purified cell preparations were found to secrete IL-1 and PGE2
spontaneously in culture. Stimulation with endotoxins and treat-
ment with interferon gamma (IFN 'y) revealed an intense IL-1
secretory function of histiocytosis X cells. Since both IL-i and
PGE2 are able to induce bone resorption in vitro, our findings
are compatible with the hypothesis that histiocytosis X cells are
responsible for the typical osteolytic lesion observed in histio-
cytosis X through the local secretion of these two mediators.

Introduction

Among the syndromes regrouped under the term histiocytosis
X (1), eosinophilic granuloma is the more frequent clinical and
histological entity (2, 3). Eosinophilic granuloma is a nonma-
lignant proliferative disease which primarily affects children and
is characterized by osteolytic lesions associated with a granulo-
matous proliferation of cells including polymorphonuclears,
lymphocytes, monocytes and a predominant cell type with spe-
cial characteristics called histiocytosis X cells. Histiocytosis X
cells show striking similarities to Langerhans cells of the skin
(4). Both cell types adhere to plastic surfaces, show typical in-
tracytoplasmic granules in electron microscopy studies, and bear
Dr and T6 antigens, as shown by immunocytochemistry studies
using monoclonal antibodies (5-7). Preparations rich in skin
Langerhans cells have been shown to secrete interleukin 1 (IL-
I) in culture (8). Apart from its immunological effects (9), IL- 1
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1. Abbreviations used in this paper: CM, control medium; FACS, fluo-
rescence-activated cell sorter; IFN y, interferon y; IL-1, interleukin 1;
IL-2, interleukin 2; MCF, mononuclear cell factor; OAF, osteoclast ac-
tivating factor; PGE, prostaglandin E; PGE2, prostaglandin E2; PHA,
phytohemagglutinin P; 3HT, tritiated thymidine.

(or closely related molecules) is able to exert a series offunctions
associated with inflammation (10) and to stimulate bone re-
sorption in vitro (I 1). Prostaglandins of the E series (PGE) have
also been implicated in the lysis of bone tissue (12). IL-1 and
PGE2, as bone resorpting agents, may thus have a role in the
osteolysis observed in vivo when secretory cells infiltrate bones.
In the case ofeosinophilic granuloma, one is tempted to postulate
a role for the predominant cell type found in the lesion (the
histiocytosis X cells), in the osteolysis phenomenon. The aim
of the present study was thus to show that histiocytosis X cells,
surgically collected from patients with bone granuloma and pu-
rified by fluorescein-conjugated monoclonal anti-T6 antibody
and the use of a fluorescence activated cell sorter (FACS), are
indeed able to secrete IL-1 and PGE2 in vitro.

Methods

Specimens. Biopsy specimens from two cases of eosinophilic granuloma
taken from skull lesions were used in this study. The two male patients,
J.A. (4-yr-old) and T.P. (10-yr-old), showed clinically, radiologically, and
histologically typical eosinophilic granuloma ofthe skull. The specimens
were divided into three parts. The first was immediately placed in buffered
formaldehyde (15%) for histopathological observation. The second was
fixed in buffered glutaraldehyde for electron microscopic examination.
The third was used for cultures.

Cell suspensions. Cell suspensions obtained from biopsy specimens
were filtered through a sterile gauze, and cell viability was evaluated by
trypan blue exclusion test. Thereafter, cells were either directly placed
in culture (see below) or frozen and stored in liquid nitrogen until use.

Purification ofhistiocytosis X cells. Frozen ampoules containing eo-
sinophilic granuloma cell suspension were thawed. After two washes,
the cells were mixed with fluorescein-conjugated OKT6 monoclonal an-
tibody (Ortho Pharmaceutical Corp., Raritan, NJ) at 1/10 dilution in
phosphate-balanced salt solution (PBS), and placed in an ice bath for 30
min. After two washes in Hanks' solution deprived of Ca"+ and Mg"+
(Eurobio, Paris, France) and supplementd with 5 mM EDTA, cells were
resuspended in the same medium at the concentration of 2 X 106 cells/
ml. The cell suspensions were analyzed on a cytofluorograph (model
5OL; Ortho Instruments, Westwood, MA) equipped with an Argon-ion
laser emitting at 488 nm (40 mW). Sorting was performed by using two
parameters: green fluorescence (detected through a narrow band inter-
ference filter 518-545 nm) and forward angle scatter (detected through
a neutral density filter).

Cell culture conditions. Whole eosinophilic granuloma cell suspen-
sions were placed into 60-mm plastic Petri dishes (Nunc, Roskilde, Den-
mark) at 5 X 106 cells/ml for 2 h at 370C in RPMI 1640 (Gibco, Paisley,
Scotland) supplemented with 2 mM L-glutamine, 100 U/ml penicillin,
100 gg/ml streptomycin, 5 mM Hepes and 5% ofa unique pool ofhuman
AB serum (control medium, CM). Under these conditions most eosin-
ophilic granuloma cells readily adhered to plastic. Nonadherent cells
were removed by gentle washes with Hanks' solution. The remaining
adherent cells were detached by gentle pipetting after 15 min incubation
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with cold PBS containing 0.1% EDTA, and thoroughly washed. Both
adherent eosinophilic granuloma cells and FACS-purified HX cells were
suspended in fresh CM, seeded in flat-bottomed microplates (Nunc) at
2 X 105 cells/ml, 0.2 ml/well, and cultured for various periods of time.
When indicated, purified recombinant human interferon (rIFN -y, a kind
gift from Dr. W. Fiers, Gent, Belgium) produced in chinese hamster
ovary cells was added to the cultures at a concentration of 1,000 IU/ml.
Lipopolysaccharide (Escherchia coli 026: B6, Sigma Chemical Co., St.
Louis, MO) was used as inducer ofeither IL-l or PGE2 at a concentration
of 20 ,g/ml. Supernatants were harvested after centrifugation at 1,000
g for 10 min and stored at -20'C.

IL-I, interleukin 2 (IL-2), and IFN assays. IL-I activity was tested
as previously described (13). Briefly, serial log2 dilutions of supernatants
were performed in flat-bottomed microplates. In each well, 100 JAI of a
suspension of thymocytes from 4-8-wk-old C3H/HeJ mice (Centre
d'elevage d'animaux de laboratoire, Orleans, France) containing 1.5
X 106 cells was added. Phytohemagglutinin P (PHA, Difco Laboratories,
Inc., Detroit, MI) was added at a final concentration of 1/2,000. Cell
cultures were incubated for 72 h at 370C in a 5% Co2 atmosphere. 18 h
before harvest, cultures were pulsed with 1 MCi/ml oftritiated thymidine
(3HT, CEA, Saclay, France, specific activity 5 Ci/mmol). IL-2 activity
was measured by using a standard microassay based on the IL-2-depen-
dent exponential proliferation of a murine T cell line as previously de-
scribed (14). IFN assay was performed using fibroblast cultures and ve-
sicular stomatitis virus, as previously described ( 15).

PGE2 assay. PGE2 in supernatants was measured by radioimmu-
noassay, as previously described (14).

Results

Morphologicfeatures and T6 antigen expression. In hematoxilin-
eosin-stained sections, the two biopsy specimens investigated
showed variable numbers of atypical mononuclear cells, with
irregularly folded and grooved nuclei with fine chromatin. Few
fibroblasts, red blood cells, neutrophils, eosinophils, lymphocytes,
and plasma cells were also observed. Electron microscopy re-
vealed pentalaminar cross-striated cytoplasmic structures con-
sistent with Langerhans granules in the majority of cells which
composed the lesion. These cells are known to be T6+. The
analysis ofthe histogram ofgreen fluorescence intensity, obtained
on the cytofluorograph, indicated that 75% ofthe cells were T6+
and 25% were T6-. These results corroborate fluorescence mi-
croscopic estimations on aliquots of the same cell suspensions.

Whole adherent eosinophilic granuloma cells secrete IL-I in
culture. As seen in Table I, the supernatant of 3-d cultures of
adherent cells from eosinophilic granuloma biopsies was found
to contain a clearly detectable IL- 1 activity. Thus, spontaneous
IL- I secretion was observed in unstimulated cells under our cul-
ture conditions. IL- I activity was much higher in cultures stim-
ulated with lipopolysaccharide. Table I also shows that the li-
popolysaccharide-induced IL- 1 secretion was clearly enhanced
when the cell cultures were incubated with rIFN y for 7 d before
lipopolysaccharide stimulation. We used 1,000 IU/ml IFN y,
since this concentration was previously found to result in max-
imal enhancement of IL- secretory function in blood monocyte
cultures (14). rIFN y pretreatment of non-lipopolysaccharide-
stimulated cells did not induce IL-1 secretion, or resulted in a
slight (nonsignificant) decrease of IL-I activity (as seen in the
experiment shown in Table I). No IL-2 activity could be found
in the supernatants.

FACS-purified, T6+ eosinophilic granuloma cells secrete IL-
1. T6+ cells were purified from whole eosinophilic granuloma
cell preparations (from patient TP) with a FACS, under clear
discriminative conditions, as seen in Fig. 1. Such highly purified

Table L IL-I Activity* in Supernatants ofAdherent Granuloma
Cell Culturesfrom a Child with an Eosinophilic Granuloma

IL-I activity at supernatant dilutions of:§
Incubation Days of Lipopoly-
conditions preincubationt saccharide 1/2 1/4 1/8 1/16

20 ,g/ml cpm cpm cpm cpm

Medium 0 - 4,313 4,787 3,836 3,167
+ 12,988 8,979 6,476 5,024

Medium 7 - 1,769 1,096 1,049 753
+ 8,177 3,152 2,330 1,934

rIFN y 7 - 987 804 958 1,583
+ 30,145 19,032 14,274 11,294

* I- activity (defined biologically as lymphocyte-activating factor)
was measured by the mitogenicity of supernatants on murine thymo-
cyte cultures and expressed in counts per minute of 3HT incorpora-
tion. Lipopolysaccharide (ether extract from E. colt) was used to trig-
ger IL- I secretion, and rIFN 'y was used to activate the cells and en-

hance their secretory potential.
t Cell cultures were stimulated with lipopolysaccharide either immedi-
ately after seeding (day 0) or after 7 d incubation in medium with or

without rIFN 'y (1,000 IU/ml).
§ Supernatants were collected 3 d after lipopolysaccharide induction.
The background incorporation of 3HT by thymocytes stimulated with
PHA or PHA plus lipopolysaccharide were 992 and 650 cpm, respec-
tively. Thymocytes in culture medium alone incorporated 430 cpm.

preparations were found to spontaneously secrete IL- 1. Two ex-

periments were performed and provided comparable results, one
experiment being shown in Fig. 2. Stimulation with lipopoly-
saccharide resulted in enhanced IL- I activity in supernatants.
Incubation of cell cultures in medium containing rIFN resulted
in a clear increase oflipopolysaccharide-induced IL- I secretion.
In no instance was IL-2 activity detectable in such supernatants,
whatever culture conditions used.

PGE2, IL-I, IL-2, and IFN activity in supernatants from
unseparated eosinophilic granuloma cells or purified histiocytosis
X cell cultures. As shown in Table II, PGE2 was spontaneously
secreted by unstimulated cells from either unseparated adherent
eosinophilic granuloma cells or FACS-purified T6' cells. The
levels of PGE2 were low, but significantly superior to the back-
ground titer found in culture medium. PGE2 secretion was not
enhanced in lipopolysaccharide-stimulated cultures. It should
be noted that no IL-2 or IFN activity could be detected in any
supernatant.

Discussion

The results shown in the present report indicate that cell cultures
originating from surgically collected skull lesions oftwo patients

E

_3 \Figure 1. Pattern of cell
sorting on a FACS, using
OKT6-labeled eosinophilic
granuloma cells. Details as

Fluorescence intensity described in Methods.
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Figure 2. Adherent bone granuloma's cells from one patient (T.P.)
were stained with fluoresceined OKT6 antibody and processed by a
FACS. T6' cells were cultured at concentrations of 2 X 105/ml, and
either stimulated or not by lipopolysaccharide for 3 d. At day 3, super-
natants of the cultures were harvested and tested for IL- I activity.
Thymocytes stimulated by PHA or PHA plus lipopolysaccharide in-
corporated 600 and 1,773 cpm of 3HT, respectively. Thymocytes
stimulated with PHA or PHA plus lipopolysaccharide in the presence
of rIFN y (1,000 IU/ml) incorporated 732 and 1,635 cpm of 3HT, re-
spectively. *, IFN y plus lipopolysaccharide. *, lipopolysaccharide. a,
IFN y. o, control medium.

with eosinophilic granuloma produce IL-I and PGE2. The IL-
1 nature of the mitogenic activity found in culture supernatants
was ascertained by its effects on murine thymocyte proliferation,
contrasting with its lack ofmitogenic effect on an IL-2-dependent
murine T cell clone. IL-1 secretion by eosinophilic granuloma
cells was intense, comparable to the secretion observed in
monocyte cultures optimally stimulated under identical culture

Table II. PGE2 Content, IL-I and IL-2 Activity ofSupernatants
from Whole Granuloma or T6+-sorted Cell Population

Lipopoly-
Cell saccharide
preparation* (20 g/ml) IL-lt§ PGE2' IL,2 IFN

cpm pg/mi IU/ml

Unseparated - 2,066 486 Undetectable <3
+ 6,380 276 Undetectable <3

T6+ sorted - 5,100 400 Undetectable <3
+ 13,200 300 Undetectable <3

* Patient T.P.: 2 X 105 cells/well in a final volume of 200 liters. Stim-
ulation at day zero.
t Background titers of PGE2 and IL- 1 are seen in nonlipopolysacchar-
ide-stimulated cultures.
§ Supernatant tested at the concentration of one-half. The background
incorporation of 3HT by thymocytes stimulated with PHA or PHA
plus lipopolysaccharide were, respectively, 325 and 1,235 cpm in the
experience with unseparated cells, and 600 and 1,173 cpm in that
with T6+-purified cells. Thymocytes in culture medium incorporated
312 cpm.
11 PGE2 content of culture medium used in this experiment was 66
pg/ml.

conditions (14). The cellular nature of eosinophilic granuloma
is not homogeneous. Although the main cell type found in the
lesions is the characteristic histiocytosis X cell, the presence of
a minority of common macrophage is well documented, and
was indeed detected in unseparated cells from the two biopsy
specimens investigated in the present work. Since macrophages
are known to be able to secrete IL- I and PGE2 (16), the possibility
existed that macrophages, rather than (or in addition to) histio-
cytosis X cells, produced the two mediators detected in our cul-
tures. We have thus taken advantage of the strong T6 positivity
of histiocytosis X cells (and of the complete negativity of tissue
macrophages for this membrane antigen) to purify histiocytosis
X cells from preparations of eosinophilic granuloma lesions un-
der highly discriminative conditions. Highly purified T6-positive
cells were found to produce both IL- 1 and PGE2 in culture. This
finding documents a new functional property of histiocytosis X
cells, and provides another similarity between histiocytosis X
cells and skin Langerhans cells. Indeed, the latter cell type has
been shown to produce IL-I in vitro (7). This is a further ar-
gument in favor of the concept that histiocytosis X cells and
skin Langerhans cells are of the same lineage (4).

The secretion of IL-I by eosinophils granuloma cells was
found to occur spontaneously under our culture conditions. This
was the case with cultured adherent cells, and even with un-
manipulated biopsies simply left as tissue explants in culture
medium (data not shown). Our culture conditions were chosen
to avoid any known IL- I triggering, i.e., use of high quality me-
dium, and human rather than bovine serum. Under similar con-
ditions, and indeed in parallel experiments during the completion
of this work, human blood monocytes do not spontaneously
secrete IL-1, as discussed previously (14). Whether this spon-
taneous in vitro production truly reflects a permanent production
of IL-I by histiocytosis X cell in the bone lesions remains a
matter of speculation. T6' cells, representing the large majority
(75-90%) of our cell preparations as analyzed by the cytofluo-
rograph and showing an intense IL- I secretory potential in vitro,
are clearly excellent candidates as primary IL-I secretory cell
type within bone lesions. The question arises of whether T6-
cells also produce IL- 1. The few (< 104) T6- cells left viable after
sorting were not found to produce IL- I (data not shown). This
clearly cannot exclude, however, the participation ofT6 negative
cells in local II- I production. The finding of a spontaneous IL-
1 secretion by cells in culture does not necessarily reflect the
maximal IL-I secretory potential of the culture. Indeed, our
observations in human peripheral blood monocytes indicate that
lipopolysaccharide-induced IL- I secretion is rapidly lost in cul-
ture and that IFN y can reconstitute and enhance the secretory
potential of aged monocyte c1ltures (15). We have used this
approach in the present system, and found that lipopolysaccha-
ride induces high levels of IL-1 production in culture of either
unseparated or FACS-sorted T6+ eosinophilic granuloma cells.
Furthermore, treatment with IFN y before stimulation with li-
popolysaccharide revealed an intense secretory potential of his-
tiocytosis X cells in culture. The finding that IFN y, a T cell
lymphokine, increases the IL-I secretory function of histiocytosis
X cells is compatible with the hypothesis that T lymphocytes
may participate in the regulation of IL- I secretion within eosin-
ophilic granuloma lesions, thus perpetuating the local secretion
of this inflammatory monokine.

In contrast with what we have shown with IL-i secretion,
the production of PGE2 was found to be modest quantitatively
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and not enhanced in vitro by treatment of eosinophilic granu-
loma cells with lipopolysaccharide. This is in agreement with a
previous report (17) showing that stimulation does not increase
the secretion of PGE and thromboxane in cultures of adherent
cells originating from the lungs or the lymph node of a patient
who died of a disseminated form of histiocytosis X.

The question arises of whether the secretion of IL-I and
PGE2 by eosinophilic granuloma cells has a role in the bone
tissue damage resulting in the characteristic osteolytic lesions of
the disease. Indeed, histiocytosis X, as a systemic disease, appears
to be one ofthe most tissue-destructive syndromes, able to induce
multiple and grossly apparent lytic lesions involving many or-
gans, including the basal layer or the epidermis, the lung, and
the bones. Since this lytic activity cannot be connected with a
neoplastic nature ofthe disease, one can reasonably assume that
it may be related to the local release ofsome tissue-lytic factor(s).
We have previously reported that eosinophilic granuloma cells
are able to exert a measurable collagenolytic activity in vitro
(18). Purified IL-1 preparations have been shown to stimulate
bone resorption in vitro (11). IL- 1 preparations described in
reference 11 show mitogenic activities in thymocyte proliferation
assays similar to the IL-1 activity found in our histiocytosis X
cell supernatants. The effect of IL-1 in bone resorption is ap-
parently direct, and is not inhibited by indomethacin. In this
respect, IL- 1 behaves differently than the elusive mediator op-
erationally named osteoclast activating factor (OAF), which is
claimed to be PGE-dependent for both its production and its
effect on bone resorption (12, 19). On the other hand, mono-
nuclear cell factor (MCF), a mediator considered to be very
similar or identical to IL- 1, has been shown to induce PGE and
collagenase production by synovial cells in culture (20, 21). Fi-
nally, monocyte supernatants have been shown to stimulate the
production of proteinase and PGE by chondrocytes and bone
cells (22), and indomethacin inhibits PGE synthesis and calcium
release induced by OAF-rich lymphokine preparations in ex-
planted fetal rat bone (1 1). Our present findings thus open up
the possibility that histiocytosis X cells induce bone resorption
in eosinophilic granuloma through their ability to secrete locally
IL- 1 and PGE. The intense secretion of IL- 1 that we have de-
tected in both eosinophilic granuloma explants and purified his-
tiocytosis X cells in culture is indeed likely to have a major role
in local osteolysis, either directly or through the induction of
PGE by neighboring cells in the lesion. The demonstration of a
secretory function of histiocytosis X cells may thus be relevant
to our understanding of the pathogenesis of histiocytosis X tissue
lesions.
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